Ah~tract-To obtain further evidence concerning the intracellular action of ouabain, we observed the effect of this compound on contractures evoked by rapid cooling in the presence of caffeine (rapid cooling caffeine contraeture; RCCC), in cardiac muscles, under conditions of a Ca deprived medium. The experiments were carried out at 20 C using cat papillary muscles and frog ventricle strips, with the exception of cooling (2`C). The muscles were first immersed in normal solution, electrically driven, then immersed in 1 mM EDTA solution for 6 min. The strips were then immersed for 10 min in a caffeine solution prepared by eluting a no-Ca solution containing 50 mM caffeine through Dowex A-I, Ca-chelating resin. Finally, the caffeine solution was exchanged with fresh caffeine solution of 2-C to evoke the RCCC. Ouabain (1 10-7 1 x 10 M) markedly potentiated RCCC. An ouabain-induced increase of RCCC did not appear in the resting strips unless the tissues were electrically stimulated.
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'H ouabain occupied a considerable cellular space (0.55) at the appearance of the ouabain potentiation of RCCC (''C-inulin space; 0.20). The appearance of the ouabain potentiation of RCCC was independent of changes in 22Na, Ca2+ and ATP contents in the strips. A possible mechanism of the potentiating effect of ouabain on con traction is discussed.
In view of recent studies on the excitation-contraction (E-C) coupling mechanism in the heart and skeletal muscles (1) (2) (3) (4) (5) , there are several possible mechanisms underlying the positive inotropic action of cardiac glycosides on the heart muscle. Lee and Klaus (6) and Nayler (7, 8) concluded that the inotropic response to the glycosides reflects the effects on E-C coupling, and not the effect on either energy metabolism or the contractile protein.
According to their results, an increase of Ca-influx following drug application to the heart muscle is an essential factor for the appearance of their positive inotropic actions. We have reported that in crab single muscle fibers contractile responses (twitch, potassium-induced contracture and caffeine-induced contraeture) are remarkably potentiated, if ouabain is microinjected into the fiber; whereas, the situation is reversed if the drug is given extra cellularly (9) . Recently it was reported that ouabain potentiation was produced without a change of inward calcium currents in cat myocardium (10) . The present communication deals with this observation on both cat and frog cardiac muscles in which there was evidence of a positive inotropic action of ouabain without the involvement of extracellular Ca, namely, Free Ca2+ (non bound)-concentration in the medium was measured by the double beam spectro photometric method (Hitachi 556) using murexide (11). Ca was not de tectable in either Ca-free caffeine Tyrode or Ca-free caffeine Ringer.
Application of ouabain: To observe the effect of 5 x 10-' M ouabain on the contracture in cat papillary muscles, ouabain was always present in the bathing solutions throughout the entire observation period. Namely, the muscle was exposed to ouabain for about 80 min including the time when the degree of contracture was being assessed. In frog ventricle strips, Ringer solutions containing ouabain of 1 x 10-8-1 x 10-1 M were used, and the muscle was exposed to ouabain for about 50 min.
Determination of 3H-ouabain space in the frog ventricle strips: 3H-ouabain and 14C
inulin spaces of the frog ventricle muscles with or without ouabain were measured. 3H
ouabain (New England Nuclear Co., 11.7 ci/mM) of 2 x 10-6 M and 14C-inulin (New England Nuclear Co., 215 mci/g) of 1 x 10-4 g/ml were used. The total radioactivity of these muscles was determined using a liquid scintillation spectrometer (Packard 2450) after combustion by means of the combustion apparatus (Tri-Carb sample oxidizer, Packard 305).
Determination of Ca" contents in the ventricle strips: Ca2+ contents in the frog ventricle muscles with or without ouabain were measured by the following procedure; a ventricle strip (about 5 mg) was weighed and put into a vial. Then both HNO3 of 200 pl and H202 of 20 pl were added and the vial was allowed to stand for 24 hr at room temperature. After the muscles were completely dissolved, the mixture was dried at 40'C 3 hr under an infrared lamp. After the addition of 2 ml of HCI-solution (2%), Ca concentration was measured using an atomic spectrophotometer (Nihon Jarel).
An acid and EDTA-washed pyrex glass was used in all experiments to aviod con tamination by extraneous Ca2+
Determination 
RESULTS
Effect of ouabain on RCCC in Ca-deprived medium: Figure 1 shows a typical mechano gram obtained from cat papillary muscles. Sixty min after adding ouabain, the twitch tension increased to 200% of the initial twitch tension (lower recording). Under these conditions (namely, in the presence of caffeine of 50 mM, subthreshold concentration in Ca-free medium), the muscles were cooled to 2'C rapidly (second C) to determine whether or not the RCCC could be produced in cat papillary muscles. The upper recording of the figure shows clearly that RCCC does occur in cat papillary muscles. The lower recording of Fig. 1 relates to the effect of ouabain on the RCCC in the absence of extracellular Ca.
The RCCC was more evident in the presence than in the absence of ouabain. Figure 2 shows a typical mechanogram obtained from frog ventricle strips. The positive inotropic action of 2 x 10-s M ouabain was also evident (lower recording). Thirty min after the addition of ouabain, the twitch tension increased to about twice that of the initial twitch tension. The developed peak tension of the RCCC was increased by ouabain in the Ca deprived medium. Figure 3 is a summary of the results in both cats and frogs. The RCCC was markedly potentiated (9-fold in the cat, 7-fold in the frog) by ouabain. When the muscles were in the normal Ringer's solution and no electrical stimulation was applied, ouabain did not produce an increase of the RCCC in frog ventricle strips.
Ouabain space under the various conditions: Table I shows 3H-ouabain and 14C-inulin spaces in frog ventricle strips, under various conditions. It is clear in the table that ouabain occupies a considerable cellular space at the appearance of the ouabain potentiation of RCCC (with electrical stimulation).
Ca 2+ and 22Na contents in frog ventricle strips: Ca2+ and 22Na contents in the frog ventricle strips did not show a significant difference between ouabain and the control cases (without ouabain) ( Table 2) . ATP contents in frog ventricle strips: As shown in Table 3 , ATP contents in the muscles treated by ouabain were much the same as in the controls (without ouabain). The value of ATP contents in intact muscles (without Ca-deprivation) was much the same as in the Ca-deprived muscles.
Concentration dependency of the action of ouabain:
We carried out experiments to determine the relation of ouabain concentration to the action of the drug on both twitch and RCCC. As shown in both Fig. 4 and Table 4 (Fig. 4) . 
DISCUSSION
These results show that, in the heart ventricle muscles of both cats and frogs, ouabain potentiates the RCCC in Ca-deprived medium. Therefore, the ouabain potentiation would not relate to an action of ouabain on the plasma membrane, that is, the potentiation is produced independently of an ouabain-induccd increase of Ca-influx across the cell membrane, as already reported by others (7, 8 , 13) . Ter ence et al. also reported that ouabain potentiation was produced without a change of inward calcium currents, in the cat myo cardium (10).
The abolition of twitch in a Ca-deprived solution (both first and second B) is well known, and the inability of 50 mM caffeine to produce contracture in the Ca-free medium (first C) is in accord with the findings of Suzuki (14) . Caffeine contracture is readily induced in a sodium free medium (14, 15) . When RCCC was elicited in a Na-free medium (the NaCl was totally replaced by K2SO4 or choline chloride) containing 1.8 mM Ca2+, the mechanical responses produced by rapid cooling in both caffeinized (1 mM) cat and frog ventricle muscles were composed of an immediate effect (phasic contracture) and a delayed effect (tonic contracture) as reported by Sakai and Kurihara (16) . In the Ca-deprived medium, only a tonic contracture was elicited by rapid cooling, as shown in the present experiments.
Ouabain potentiated this tonic contracture.
Treatment of frog ventricular cells with 3 mM EDTA (KC1 medium) for 15 min makes the sarcolemma highly permeable to small ions and ATP (17) . In the present experiments, frog ventricle strips were treated with I mM EDTA (NaCI medium) for 6 min. Data (Tables 1, 2 and 3) of the intracellular contents of 3H-ouabain, 22Na, Call and ATP provide evidence that the sarcolemma are not made permeable to small ions, ATP and ouabain, under the conditions used in the present study. Table 2 shows that the ouabain potentiation of RCCC was elicited without a decrease in the 22Na-efflux, and that the potentiation is produced independent of the increase of Ca 2+ contents in the ventricle strips. These data are consistent with findings of others that at the peak isotropic stage produced by ouabain, there is no significant alteration of Na+-K+ ATPase activity, and of Na+-, K+ and Ca 2+ contents of cat cardiac muscles (18) . It was also reported that ouabain has no effect on Ca-binding by fragmented SR (FSR) (19) . Therefore, in the present experiments, SR apparently did not accumulate Ca as the result of ouabain application, when the RCCC was elicited.
Cardiac glycosides effect only the contracting myocardium (20) (21) (22) . Accordingly, when we applied ouabain to electrically driven ventricle muscles, there was a marked poten tiation of the RCCC by ouabain (Figs. 1 and 2 ). On the other hand, an ouabain-induced increase of RCCC never appeared in the resting muscle.
As shown in Table 1 According to recent views, it is clear that increase in the contractile response relates to the increase of myoplasmic free Ca2+ concentrations, that is, an increase of a Ca release from the Ca-storage site within the cell produces an augmentation of contractions (1) (2) (3) (4) 24) .
RCCC in frog skeletal muscles (15) and rapid cooling contracture without caffeine (RCC) in cardiac muscles (16) have been studied by Sakai who concluded that the contractile mechanism in RCCC or RCC must be due to the mobilization of bound Ca from SR (frog skeletal muscles and guinea pig cardiac muscles) or cell membrane (bufo cardiac muscles).
We assume that the behavior of the cat heart muscles is essentially the same as that of the frog skeletal muscle, with respect to RCCC. In frog hearts it was postulated that the major source of activation Ca was from the external medium by Ca-influx during the action potential (24) (25) (26) . On the other hand, Bianchi (27) postulated that in frog heart muscles, the major source of activation Ca was from the intracellular Ca stores.
Recently, we succeeded in isolating fragmented sarcoplasmic reticulum (FSR). Our experiments in frog hearts demonstrated that amount of FSR protein was much the same as in mammalian hearts (cat and guinea pig) in not only yields but also activities of both Ca uptake and Ca release (28) . Further experiments confirmed that the major activation Call is provided from SR in frog cardiac muscles (unpublished data).
The ouabain-induced increase in contractile force (=RCCC) could, theoretically, reflect an increase in myoplasmic Ca2+ which is available to the myofibrils for participation in contraction. Figure 5 shows a possible mechanism of ouabain potentiation of RCCC in both cat and frog cardiac muscles. We propose that ouabain increases myoplasmic Ca2+ concentration by ouabain-induced increase of Ca release from SR (activation Ca, 2 in Fig. 5) or by the cell membrane itself (1 in Fig. 5 ). Recently, we found that ouabain potentiates Ca release from FSR isolated from cat and frog cardiac muscles by depolarization of the SR-membrane following a change in the ionic environment in the medium (28, 29) . These findings may support the aforementioned possible mechanism of ouabain potentiation in RCCC.
In conclusion, our results demonstrate that ouabain potentiates the RCCC of cat and frog cardiac muscles in Ca-deprived medium, and that this potentiation may be produced by exerting an enhancing action on the process of E-C coupling "within" the cell.
